INTRODUCTION
============

The alignment-leveling phase is characterized by progressive increase in wire diameter. Initially, nickel-titanium (NiTi) wires are used, followed by stainless steel wires used at the final stages of treatment, always respecting the periodontal physiological limits and prediction of expected results.[@B01] NiTi 0.016-in round wires promote partial alignment and leveling of teeth at the early stages of treatment.[@B02] ^,^ [@B03] ^,^ [@B04]

Extensive knowledge about the mechanical properties of orthodontic wires is crucial, and wires must be selected according to their behavior.[@B05] ^,^ [@B06] ^,^ [@B07] The advent of ISO for orthodontic wires enhanced our understanding and comparison between wires manufactured with different metal alloys as well as wires of different commercial brands. Thus, manufacturers are able to better arrange the real characteristics of their products.[@B08]

Presently, one of the most reliable and clinically applicable means of evaluating orthodontic wires is with the aid of deflection tests. It satisfactorily simulates what really occurs in clinical practice when placing a wire into the bracket slot.[@B09]

ISO tests[@B10] allowed the physical properties of orthodontic wires of different lots produced by the same manufacturer to be standardized. It is expected that the wires present the physical properties described on their labels. Thus, it seems appropriate to submit wires to tests that validate their properties,[@B11]regardless of the lot used.

An experimental *in vitro* study was conducted to investigate potential changes in the physical properties in different lots of the same commercial brand of orthodontic wires, with potential effects on their elastic properties (load-deflection ratio). The null hypothesis tested was that there are no changes in the elastic properties in different lots of orthodontic wires of the same commercial brand.

MATERIAL AND METHODS
====================

The sample comprised 40 segments of conventional NiTi round wires, 0.016-in in diameter (Morelli Ortodontia^TM^, Sorocaba, São Paulo, Brazil). Each group comprised 10 archwire segments, arranged according to the lots. Group 1 (lot 1) had 55.87% of nickel in its composition; group 2 (lot 2) had 55.95% of nickel; group 3 (lot 3) had 56.00% of nickel; and group 4 (lot 4) had 55.96% of nickel in its composition. All wires were manufactured during the same period and were subject to the same storage conditions: dry environment and at room temperature.

Specimens were obtained by cutting 28-mm segments from the straight portion (ends) of orthodontic precontoured archwires. Each arch provided one specimen. Specimens were segmented by the same individual with the aid of a light wire plier and a digital caliper used to measure the segments.[@B13]

During trials, specimens were secured by means of a metallic device consisting of a support and two 5-mm diameter pins welded vertically 14 mm apart.[@B10] A Morelli Ortodontia^TM^, Edgewise prescription, 0.022-in premolar metal bracket was attached to one of the pins, and a standard molar tube of the same brand was attached to the other pin. Both pieces were fixed with Orthobond resin (Morelli Ortodontia^TM)^. For better alignment during fixing of orthodontic devices, a segment of stainless steel 0.021 x 0.025-in wire and elastic ligature in modules (Morelli Ortodontia^TM)^ were used.

A digital caliper (150-mm Coolant Proof Absolute, Mitutoyo, Aurora, Illinois, USA) was used to aid bonding and measure interbracket distance, previously determined at 14 mm.

Deflection tests were carried out to evaluate the load-deflection ratio of orthodontic wires. To this end, a universal testing machine (EMIC, DL2000 model), with 5-N load cell and at a speed of 1 mm/minute, was used. The three-point bending test was employed due to best simulating orthodontic clinical practice.[@B08] ^,^ [@B12] Force applied during deactivation was registered at deflections 0.5, 1, 2 and 3 mm.

Analysis of variance (ANOVA) was employed to compare differences between group means for the deflection test force. This is because data were parametric and presented with equality and normality of variances (heteroscedasticity).

RESULTS
=======

[Table 1](#t01){ref-type="table"} shows descriptive statistics results in relation to deactivation expressed in Newton (N) for the groups tested. According to ANOVA (one-way), there were no statistical differences between forces applied to lots under the same deflection (3, 2 or 1 mm) during deactivation ([Table 1](#t01){ref-type="table"}). Thus, all lots showed similar load-deflection ratios at given deactivation points. When an inter-relationship between forces is established at deflections 0.5, 1.0, 2.0 and 3.0 mm, during deactivation, statistical differences are found among all deflection measures. Thus, there is no such thing as an ongoing force, which mischaracterizes the formation of an unloading plateau. [Table 2](#t02){ref-type="table"} described the comparison between a given deflection and all other deflection values of a given wire ([Table 2](#t02){ref-type="table"}).

Table 1- Descriptive analysis of variables in relation to deactivation, with mean force values (N) and deflection standard deviation (mm) within a 3.0 to 0.5-mm interval. *P* value for comparison between groups at the same deflection.**GroupsDeactivation valuesDeformation3.0 mm2.0 mm1.0 mm0.5 mm**Lot 1Mean (SD)2.78 (1.05)1.78 (0.57)1.24 (0.43)0.61 (0.25)Lot 2Mean (SD)3.32 (0.65)1.98 (0.31)1.30 (0.16)0.69 (0.26)Lot 3Mean (SD)3.38 (0.26)2.10 (0.21)1.47 (0.16)0.78 (0.31)Lot 4Mean (SD)3.57 (0.31)1.96 (0.19)1.28 (0.16)0.69 (0.34)p value0.06030.26630.2094

Table 2- Inter-relationship between deflection values at deactivation.**(I) Deflection(J) DeflectionMean difference (I-J)**0.5 mm1 mm-0.63002 mm-1.26253 mm-2.57001 mm0.5 mm0.63002 mm-0.63253 mm-1.94002 mm0.5 mm1.26251 mm0.63253 mm-1.30753 mm0.5 mm2.57001 mm1.94002 mm1.3075

DISCUSSION
==========

Knowing the load-deflection ratio of a given orthodontic wire allows wires to be better selected for treatment - particularly at the alignment-leveling phase, during which wire deactivation and tooth movement occur. Understanding the force applied enhances orthodontic movement, thereby preventing side effects.

NiTi archwires are popular because of their properties and potential for movement under light and continuous forces, which allows tooth movement by means of more adequate forces.[@B14] In order to achieve greater predictability of forces released by orthodontic wires, laboratory tests are recommended to assess elastic properties.[@B14] ^,^ [@B15]

Although orthodontic wires of the same model, diameter and features undergo the same manufacturing process, they present with changes in their composition that vary according to the lot, as observed in the samples of the present study. Therefore, for some authors,[@B16] using a set of wires of the same lot eliminates selection bias in studies; in other words, the influence exerted by the lot over research outcomes is eliminated. That is the reason why researches are concerned about this type of standardization. Nevertheless, such scientific consensus has not been proved and is used arbitrarily to pass on the idea of a reliable study.

In order to achieve more reliable outcomes in researches using material, whether as the major element of investigation or as part of a given study, the ideal is to use material of the same commercial brand and lot. The results yielded by a study conducted by Sakima et al[@B16] highlight the importance of laboratory trials to assess the elastic properties of wires, revealing that the loading and unloading curve in the load-deflection ratio chart might vary between wires, even though those wires are of the same type and manufacturer.[@B17] ^,^ [@B18]Of the factors affecting such variation, the authors point out that the lot might influence the outcomes.[@B19]

Nevertheless, the major finding of the present investigation proved to be of considerable laboratory relevance. This is because when the forces of different lots were compared for the same deflection point at deactivation, no statistical differences were found: 1 mm with *p* = 0.2094; 2 mm with*p* = 0.2663; 3 mm with *p* = 0.0603. These outcomes justify the use of orthodontic wires of the same commercial brand but of different lots, without hindering the final results of the study ([Table 1](#t01){ref-type="table"}).

Even though the manufacturer of the wires assessed herein describe them as \"NiTi superelastic\", which characterizes a plateau region in the load-deflection ratio chart, when the forces between deflection values of a given plateau were compared, no statistically steady forces were found during deactivation. Thus, a greater slope, or a parameter of force loss, was found at deactivation. This represents a significant difference between the initial force at the plateau region and the final force at this region of the chart curve.[@B04] ^,^ [@B14]

Orthodontic wire superelasticity produces a relatively steady force within a given deactivation interval, the phase during which the wire attached to an orthodontic device induces tooth movement.[@B20]Unlike the present research, lack of steady force at deactivation mischaracterizes the superelasticity proposed by the wire manufacturer, which could produce a less predictable or less biological movement during clinical practice.

Thus, it is suggested that researches using wires of the same commercial brand used in the present study do not require lots to be standardized, so as to yield more reliable results, even though other authors have determined that wires of the same lot be used.[@B21] ^,^ [@B22] Nevertheless, further studies are warranted to assess wires of different models, diameters and manufacturers.

CONCLUSIONS
===========

Based on the results of the present study, it is reasonable to conclude that there were no changes in the elastic properties in different lots of wires of the same commercial brand. Therefore, using different lots of the orthodontic wires used in the present research does not hinder the final outcomes of the load-deflection ratio.
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